A better understanding of mineral application and use by crops is fundamental for enhancing crop yields with a minimum impact on environment and for reducing costs. However, efficiency of phosphorus utilization is dependent on genetic variability within the crop. Hence, the objective of this study is to assess responsiveness of different potato varieties to mineral phosphorus application. A field trial was conducted at El Annaceur (experimental station of the National Institute for Agricultural Research (INRA, Morocco)). Seven potato varieties (V) (Desiree, Nicola, Barna, Pamela, Daifla, Labella and Marguarita) were combined with two phosphorus (P) treatments (P0 : without any P application as fertilizer and P+ : 100 kg P2O5/ha as super triple phosphate (45%)). The experimental design was a split plot with three replications, P on main plots and varieties on subplots. Results showed a significant separate effect of V and P on tuber yield while no interaction effect (P*V) was recorded. Variety Pamela gave the highest main tuber yield (34 t/ha) and the variety Labella was the lowest one (19 t/ha). The variety Desiree was considered as check giving 24 t/ha. The variety Desiree showed the most significant response to P application with an average of 71 % increase compared to control. The variety Barna comes in second position with 49 % of response to P application while varieties Labela, Pamela and Daifla showed lower improvements (approximately 10 %) comparatively to control. Within the framework of this experiment, the variety Pamella gave the highest yield in both situations of phosphorus application. While variety Desiree required an additional application of P to express its potential yield.
Introduction
In the Mediterranean Basin, potato is occupying an overall area of about one million ha and producing 18 million tons of tubers [1] . In Morocco, potato occupies an area of about 50,000 to 58.000 ha annually. The national production is about 1,000,000 to 1,400,000 tones so with a national main yield of about 23 t/ha which is below potential yield of about 40%. Optimizing phosphorus fertilization is one way to reduce the gap between actual and potential yield.
Phosphorus is one of major mineral nutrients required by Potato crop and its management in soil is critical. In fat, Potato requires a high amount of phosphorus for optimum growth and yield [2] . However, P uptake and use is also dependant on genetic variability with the crops as well as the P fate in the environments including the soil. Accordingly, a better understanding of mineral application and use by crops is one way for enhancing crop yields with a minimum impact on environment and reducing production costs. The use of genetically enhanced plants with improved P acquisition efficiency may represent a sustainable solution to increase crop yields. The objective of this study is to assess, under field conditions, responsiveness of different potato varieties to mineral phosphorus application.
Material and methods
A field trial was conducted at El Annaceur (experimental station of the National Institute for Agricultural Research (INRA, Morocco) situated 20 km far from Fès at latitude 33°41', longitude 4°,50' ; height 1345 m.
Soil characteristics are: clay (27%), silt (53%) and sand (20%). pH water (8, 4) . NO3 -(11,6 mg kg -1 ). Organic Matter (2,80%), P2O5 (Olsen) (67 mg/kg) and K2Oexangeable (520 mg/kg).
Seven potato varieties (Desirée, Nicola, Barna, Pamela, Daifla, Labella, Marguerita) were combined with two phosphorus treatments (P0 : without any P application and P+ : 90 kg P2O5/ha as super triple phosphate (45%)). The experimental design was a split plot with three replications, P on main plots and varieties on subplots.
Every subplot consisted on one line of 3m long of each variety separated on both sides by the check one (variety: Desirée) at distance of 0.70 m. Ten tubers by variety were planted on each line.
Nitrogen was added at the rate of 50kg N ha -1 at planting and another 50 kg N/ha at tuber formation as ammonium nitrate. At maturity for every treatments (V*P) each ten plant have been harvested and tuber yield was estimated.
The trial was implemented on May and harvested on August 2009. The crop was under drip irrigation system with water application of 8 hours per day with tree days intervals. Trial was well protected against parasites and weeds.
The data were subjected to analysis of variance procedures (SPSS). Standard errors of the means were calculated. NKS test was applied to compare measured parameters from variety.
The responsiveness of variety "i" was calculated on the basis of:
Vi: potato variety i TY: tuber yield of potato (t/ha) of variety i P+: treatment with added phosphorus as fertilizer. P0: treatment with no added phosphorus as fertilizer.
Results

Effect of phosphorus and genotype on tuber yield of potatoes
Both variety (V) and phosphorus (P) have a significant effect on tuber yield of potato while interaction (V*P) had no significant effect on this parameter (figure 1).
Tuber yield varied between 16 t/ha for treatment (Barna (P0)) and 36 t/ha for treatment Pamella (P+). Phosphorus improves tuber yield by about 25%. .The variety Pamela gave the highest main tuber yield (34 t/ha) and performed well in both situations of P nutrition (P0 and P+).
Responsiveness of potatoes varieties to phosphorus fertilizer
Responsiveness of varieties to phosphorus application varied between 9% and 71% (figure 2). The variety Desirée showed the highest responsiveness to P application with 71% of improvement of tuber yield, while the varieties Daifla, Labella and Pamela responses to P application was on average only 10%. The varieties Nicola, Margarita and Barna responded to phosphorus application by respectively 18. 27 and 49%. Those differences could be explained by date of variety release; Desirée witch is the oldest one should require P coming from fertilizer to express its yield while the other can use soil P. The variety Pamela responses less to P application, while this variety gives the best yield in both situations of P availability. This indicates that, variety improvement could enhance P use efficiency. 
Discussion
Most of the soils in Mediterranean region are P deficient (< 4 mg P ( Olsen) / kg soil) [3] . Furthermore, the phosphorus fertilization is an expensive factor of production in Morocco [4] and this practice does not benefit completely to crop. Even after application of mineral P fertilizers the major portion of P (80-90%) cannot be absorbed by plants due to adsorption by soil particles (Fe, Al Ca). The use of genetically enhanced plants with improved P acquisition efficiency may represent a sustainable solution to increase crop yields in such situations. One steep to achieve this goal is assessing potato genotypes for their responsiveness to phosphorus application. In fact, providing farmers with genotypes adapted to specific conditions of phosphorus availability in the soil and having good phosphorus use efficiency (PUE) should improve yields, without increasing excessively production cost or damaging the environment. PUE has been studied in many species: Vicia faba ( [5] , Triticum aestivum [6] , Solanum tubersosum [7] , Manihot Esculenta [8] , Cajanus cajan [9] and Phaseolus vulgaris [10] . In those studies, genetic variation for PUE was found and explanations were given on the basis of root architecture and physiology and/or on biomass translocation and phosphorus partitioning. Nutrient use efficiency can be divided into two components [11] : uptake or the ability of the plant to extract the nutrient from the soil and utilization efficiency, or the ability of the plant to convert the absorbed nutrient into grain yield.
Phosphorus acquisition by plants depends on the morphological and physiological characteristics of the root system, because the relative immobility of P in soil makes P acquisition by the plant very dependent on soil exploration in time and space
As defined, such efficiency is controlled directly or indirectly by plant traits and mechanisms related to basic metabolism [12] , by patterns of partitioning and remobilization of P among different organs and tissues [13] , and perhaps mostly by the capacity of the plant to accumulate dry matter owing to efficient utilization of P in plant metabolic processes.
In this experiment Potato response to applied P is considerably influenced by the variety grown. Genetic improvement could have enhanced P use efficiency among potato varieties The low response in some varieties, like Daifla, to P may be attributed to its capability in utilizing more P from the soil source. The high response to P applied may be attributed to lower capability in utilizing P from soil source like the case of variety Desiree. The varietal response to applied P is often related to its yield potential. The variety Pamella gives the best tuber yield in both situations of P nutrition (P0 or P+). While the least performing variety Labella showed lowest responsiveness to P application.
Conclusions
Within this experiment, even if just for one year, we do find genetic variability to phosphorus use among different potatoes varieties. This indicates that choosing efficient variety may guarantee an improvement of tuber yield with less phosphorus fertilizer demand. This work should be re conducted. More measures should be made to characterize genotypes and elucidate differences in performances among those genotypes.
